We describe a new formulation for a hydrophilic resin, mostly composed of glycol methacrylate and hydroxypropyl methacrylate and here referred to as bioacryl, that allows the performance of morphological and immunohistochemical investigations at both light and electron microscopic levels. Immunolocalizations performed on bioacryl-embedded tissues are characterized by high specificity with virtually ab-
Introduction
Embedding media for electron microscopy comprise non-polar (hydrophobic) and polar (hydrophilic) resins. Hydrophobic resins (e.g., most epoxides and polyesters), which allow thorough preservation of the fine structure, have been widely used in routine ultrastructural studies, but are not very useful for post-embedding immunocytochemical investigations. Conversely, the use of hydrophilic resins (e.g., most acrylate and methacrylate-based resins) has spread widely beyause of their high suitability for 'bn-grid' hmunolocalization (3,6, 18, 19) . It is generally accepted that hydrophilic resins minimize the denaturation of proteins ( 5 ) . Moreover, they facilitate the interaction between aqueous reagents and substrates. However, hydrophilic resins have not been widely used in routine ultrastructural studies because fine structure preservation is not always satisfactory.
In the present study we describe a new formulation for a hydrophilic resin, here referred to as bioacryl, which enabled us to obtain a number of histological stainings with highly specific immunocytochemical localizations at both light and electron microscopic levels, accompanied by good fine-structural preservation. 
Materials and Methods
Fixation. Thin slices of human pancreas were fixed in a mixture of 4% paraformaldehyde plus 0.1% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, for 3 hr at 4'C. After fixation the specimens were washed three times in 0.15 M cacodylate buffer, pH 7.4, at room temperature (r.t.).
Dehydration and Embedding. The samples were quickly dehydrated in a graded ethanol series and then infiltrated three times for 40 min with Lowicryl K4M (Polysciences; Warrington, PA) or with bioacryl at r.t. Bioacryl was prepared by mixing 2-hydroxyethyl methacrylate (40 ml), 2-hydroxypropyl methacrylate (30 ml), n-butyl methacrylate (26 ml), and styrene (4 ml) (all components were purchased from Electron Microscopy Sciences, Fort Washington, PA). As a catalyst, 1.3 g of benzoyl peroxide (Fluka Chemie AG; Buchs, Switzerland) was added to the mixture, which was then carefully sealed and gently stirred until the catalyst had dissolved. Both Lowicryl-and bioacryl-infiltrated samples were polymerized in Eppendorf tubes by w light for 72 hr at 4'C. The w source, two Philips TLAD 8 W, was placed at a distance of 15 cm away from the specimens.
Light and Electron Microscopy. The embedded specimens were sectioned on a Om U3 Reichert ultramicrotome with glass knives. Semi-thin sections (1 pm thick) were subjected to various histological stainings, such as hematoxylin-eosin, PAS, Gomori methenamine silver staining (13) , and light green according to Goldner (12) (dyes purchased from Bio-Optica, Milano, Italy). The stainings were performed on a hotplate (80'C) for 30-60 sec each step, checking the staining degree under the microscope. Gomori staining was performed for 60 sec. As for PAS staining, oxidation with periodic acid required 30 min at 22°C. Thin sections (60-80 nm thick) were collected on formvar-coated copper grids and then counterstained with uranyl acetate and lead citrate aqueous solutions. Glucagon (PAb) Dako (Glostrup, Denmark) A-cells (22) 1:500 Insulin (PAb) Dako B-cells (22) 1:500
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Immunogold Labeling. Semi-thin sections were collected on poly-^lysine-coated glass slides, whereas thin sections were mounted on formvarcoated nickel grids. Both semi-thin and thin sections were not subjected to any etching treatment. The immunogold labeling was performed as previously described (20) . Briefly, the sections were ueated with PBS containing 1% ovoalbumin and then incubated first with the primary antibodies (listed in Table 1) overnight (18 hr) at 4°C. then with secondary antibodies for 20 min at 22'C. and subsequently with protein A-gold complexes. Gold particles in the 13-18-nm range were obtained and conjugated according to Frens (8) and Roth et al. (20) , respectively. Semi-thin sections were subjected to a silver enhancement procedure (7) by incubating the samples with the IntenSE M kit (Amersham; Poole, UK), for 8-12 min at 22°C. Nuclear contrast on semi-thin sections was obtained using Mayer's hematoxylin containing 1% acetic acid. Thin sections were counterstained with uranyl acetate and lead citrate aqueous solutions. Control experiments were carried out omitting the incubation on the primary antibody.
Results
As expected, the penetration of hydrophilic acid and basic dyes was facilitated on bioacryl-embedded sections. Consequently, routine histological stainings, e.g., hematoxylin-eosin, gave results comparable to those obtainable with paraffin-embedded tissues. Polychrome stains were also feasible. As illustrated in Figure la, silver r methenamine strongly stained nuclear chromatin, whereas light green stained RNA-rich cytoplasm. The high affinity of such dyes for tissue structures improved the identification of different cytotypes within the tissues. Furthermore, bioacryl sections showed complete absence of background staining and a higher crispness of staining in comparison with Lowicryl-embedded tissues (Figures la and Ib).
Thin sections from bioacryl-embedded human pancreas resulted in a good preservation of the cellular fine structure which was very similar to the corresponding K4M Lowicryl-embedded tissue (Figures 2a and 2b) . Bioacryl-embedded sections showed a regular arrangement of rough endoplasmic reticulum ( E R ) ( Figure 2c ). Moreover, synthesized electron-dense material within cisternae was retained and condensing granules appeared well preserved. Perpendicularly sectioned cell membranes displayed a typical trilamellar structure. Although the corresponding K4M Lowicryl-embedded sections showed tissue preservation as good as expected, the presence of regions with electron-lucent structures and the reduction of dense substances in the cisternae of RER suggested focal loss of material (Figure 2b) . Furthermore, the RER arrangement often appeared altered (Figure 2d ). Finally, bioacryl appeared to be more easily sectionable than K4M.
Bioacryl displayed high suitability for immunogold labeling at both light (Figure 3a ) and electron microscopic levels ( Figures  3b-3d) . Immunohistochemically, pancreatic islets as well as sparse endocrine cells were specifically demonstrated (Figure 3a ). Immunoelectron microscopic investigation provided evidence for the high specificity of the staining (Figures 3b-3d ). Heavy gold labeling was observed on granules containing pancreatic polypeptide (Figure 3c) . Remarkably, membrane antigens (e.g., synaptophysin) still retained strong antigenicity (Figure 3d ). Background was virtually absent.
Discussion
Since the introduction of epoxy resins as embedding media (10,ll) . acrylic resins have been little used in routine ultrastructural studies, mostly because of their shrinkage and low stability in the electron beam. Although methacrylates can be still used for TEM work, new acrylic resins are becoming increasingly popular in immunocyto-chemical studies because they can be polymerized at low temperature also. In fact, it is well known that many antigens are irreversibly modified by heating ( 5 ) . With regard to immunoelectron microscopic investigations, the most widely used of these embed-ding media are the Lowicryls (4), which can be used for infiltration of tissue under a wide range of temperatures and can be polymerized by uv light. Nevertheless, the polymerization of acrylic resins is an exothermic reaction that results in the development of variable amounts of heat (42). As far as bioacryl is concerned, polymerization by uv light at 4°C in a simple and inexpensive refrigerator avoids the development of heat levels that could affect the structure of the antigens investigated.
Our results provide evidence for the high suitability of bioacryl for immunolocalizations at both the light and electron microscopic levels. Being a hydrophilic embedding agent, bioacryl facilitates the interaction of immunoreagent-containing aqueous solutions with antigenic substrates. Interestingly, immunolocalizations performed on bioacryl-embedded tissue thin sections display high specificity with virtually absent background staining. Bioacryl seems to achieve higher fine-structural preservation in comparison with Lowicryl K4M. This even true when embedding and polymerization were performed at -20°C in a Balzers freeze-substitution unit FSU 010 by uv light (data not shown). With regard to ultrastructural preservation, one can speculate that bioacryl yields a more homogeneous sample infiltration because of its lower ingredient molecular volume when compared with Lowicryl K4M. In fact, the molecular weights of bioacryl monomers lie within a very narrow range. This feature greatly minimizes competition phenomena among molecules of different sizes during tissue infiltration. Consequently, a proper monomer concentration can still be expected within the infiltrated tissue. Furthermore, since light molecules diffuse at a faster rate than the larger ones (21), bioacryl significantly shortens the infiltration procedure. As a consequence, protein denaturation can be proportionally limited. Finally, it should be stressed that bioacryl is an acrylic resin in which a short-chain aromatic ingredient, styrene, works as a cross-linker. Styrene is known to three-dimensionally cross-link plastics (17) . As a result, a closemeshed resin is obtained which is easily sectionable, and bioacryl ultra-thin sections seem to be more stable under the electron beam in comparison with Lowicryl K4M sections. For the same characteristics, bioacryl is expected to provide a higher ultrastructural preservation in comparison with other acrylics such as glycol methacrylate (GMA) (data not shown). Bioacryl and GMA mostly differ in hydroxypropyl methacrylate, buthyl methacrylate, and styrene monomers, which are present in the former. As a result, GMA suffers from higher shrinkage and beam-induced melting when compared with bioacryl.
The new embedding medium formulation presented here allows the performance of various histological stainings. It is well known that most standard light microscopic stainings are difficult to perform with unetched, hydrophobic plastic sections, whereas they are facilitated by hydrophilic resins (15). Nevertheless, hydrophilic plastics do not necessarily achieve uniform infiltration of tissues. For instance, hydrophilic structures (e.g., PAS positive) exclude hydrophobic monomers (15) . Therefore, hydrophilic resin sections are not equivalent to de-waxed paraffin or cryostat sections. Differential infiltration could underlie the increased crispness of staining after hydrophilic embedding. This phenomenon is significantly amplified when a close-meshed resin is used (9). This is particularly the case for bioacryl when small dyes are used. In fact, dyes react with specific tissue structures, avoiding background stain-ing, because they are probably not trapped in resin meshes. Conversely, a larger-meshed resin, such as Lowicryl K4M, allowing easier entry of hydrophilic dyes, can produce background staining. On the other hand, dye size is also a major factor in controlling penetration of resin and staining of tissue (9). Therefore, a closemeshed resin is particularly suited for histological stainings performed by using small dyes.
When ultrastructural studies are required to give immunological information in addition to pure morphology, acrylics have provided a suitable alternative to epoxides. Because there are so many ways of combining such monomers, an almost endless number of embedding media can be prepared. Bioacryl represents an original formulation in which electron beam-stable thin sections are ensured by the use of styrene. Moreover, the light and rather homogeneous bioacryl components yield an easily sectionable resin that allows satisfactory ultrastructural preservation. Furthermore, it allows the performance of highly specific immunocytochemical reactions at both the light and the electron microscopic level. Finally, it is possible to obtain a variety of histological stainings characterized by crispness of staining and absence of background.
